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TRIAL INFORMATION
UAV IMAGE ACQUISITION 
Flight details:
• Platform: DJI Matrice 200
• Sensors: Standard RGB Zenmuse X4S camera; Modified RG-NIR Zenmuse X4S camera.
• Autonomous flights were conducted at 120 meters altitude, 75% side overlap, 85%
front overlap, and flight direction parallel to the corn rows.
UAV IMAGE PROCESSING AND ANALYSIS
Adjusted R2 and P values for regressions between vegetative indices (with or without soil/shadow background reflectance removed) and corn
yield for three trials at vegetative and reproductive corn growth stages:
• At vegetative growth stages (V6-V9), NIR- and RGB-based indices were not related to maize grain yield, irrespective of whether or 
not soil/shadow reflectance pixels were removed.
NIR-based indices
• All NIR-based indices at R1-R3, except GNDVI, had a high adjusted R2, 0.82-0.96, and were similar with and without soil/shadow 
reflectance pixels removed.
• At R5 at LaPorte Co. all NIR-based indices were poorly- or un-related to yield except GNDVI. At the other locations at R5 all indices 
except GNDVI were similarly well-related to yield, but GNDVI was inferior to the other indices. The improvement in adjusted R2
with removal of soil/shadow reflectance pixels at these 2 locations was minimal (≤0.05 for all but GNDVI) or ≤0 (GNDVI). 
RGB-based indices
• RGB-based indices varied substantially in their relationship with maize grain yield by location/R-stage and with and without 
soil/shadow reflectance removed. For ExG and PPRB, adjusted R2 were ≥0.74 in 5 of 6 location/R-stage situations and little 
affected by pixel removal. Where the ExG adjusted R2 was poor, 0.23, pixel removal increased it to 0.40. PRBB was not related to 
yield in this location/R-stage situation.
• The relationship between VDVI and yield without soil/shadow pixels removed ranged had values of adjusted R2 from 0.50 to 0.91 
across location/growth stage situations. Improvement with pixel removal in adjusted R2 ranged from <0 to 0.26.
• Of the RGB-based indices VIg had the poorest relationship to grain yield in 5 of 6 situations and was most improved by 
soil/shadow pixel removal. However, pixel removal did not always improve the relationship.
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RESULTS AND DISCUSSION
• Vegetative indices (VI) derived from unmanned aerial vehicle (UAV) imagery are a potential 
tool to characterize temporal and spatial treatment effects in field experiments.
• Background soil and shadow reflectance potentially reduce the effectiveness of VI for 
characterizing crop responses to experimental treatments. 
• Removing background soil and shadow pixels from the complete image dataset should 
improve that effectiveness, especially at early growth stages when soil and shadow are 
prominent and with RGB images that do not include a NIR wavelength. 
INTRODUCTION
OBJECTIVE
Determine if removing background soil and shadow pixels from RGB and NIR-based vegetative 
index maps improve the regression (adjusted R2) between several calculated vegetative 
indices and maize grain yield at different growth stages and if the improvement is greater with 
RGB images.
1. LaPorte County, Indiana 
Maize response to sulfur
timing and rate
20 hectare field area
Planted: May 10, 2018 
6 replications - 36 plots
Images at V6, R3, and R5
3. Shelby County, Indiana 
Maize response to nitrogen
timing and sulfur timing and 
rate
24 hectare field area
Planted: May 4, 2018 
5 replications - 30 plots
Images at V8-V9, R2, and R5
2. Miami County, Indiana
Maize response to nitrogen
rate
26 hectare field area
Planted: April 27, 2018
4 replications - 20 plots






















NDVI - [(NIR-R) / (NIR+R)] 
GNDVI - [(NIR-G) / (NIR+G)] 
SAVI - [(NIR-R) / (NIR+R+L)]x(1+L)
OSAVI - [(NIR-R) / (NIR+R+0.16)]
MSAVI – [2xNIR+1-[√(2xNIRx1)2 -
8x(NIR-R))]]/2
RGB-BASED





Mask of soil/shadows 



















GNDVI -0.03 0.75 0.04 0.14
MSAVI -0.03 0.86 -0.02 0.70
NDVI -0.03 0.88 -0.02 0.70
OSAVI -0.03 0.88 -0.02 0.70






ed ExG -0.03 0.91 -0.03 0.77
PPRB 0.06 0.08 0.02 0.22
VDVI -0.02 0.60 -0.03 0.76













GNDVI 0.78 <0.05 0.69 <0.05
MSAVI 0.04 0.14 0.12 0.02
NDVI 0.07 0.06 0.12 0.02
OSAVI 0.07 0.06 0.12 0.02






ed ExG 0.23 <0.05 0.40 <0.05
PPRB -0.03 0.94 -0.02 0.56
VDVI 0.50 <0.05 0.49 <0.05













GNDVI 0.44 <0.05 0.40 <0.05
MSAVI 0.83 <0.05 0.82 <0.05
NDVI 0.82 <0.05 0.82 <0.05
OSAVI 0.82 <0.05 0.82 <0.05






ed ExG 0.77 <0.05 0.80 <0.05
PPRB 0.85 <0.05 0.88 <0.05
VDVI 0.59 <0.05 0.85 <0.05
VIg 0.07 0.07 0.27 <0.05
June 13











GNDVI 0.08 0.07 0.07 0.09
MSAVI 0.05 0.13 0.06 0.10
NDVI 0.04 0.15 0.06 0.10
OSAVI 0.04 0.15 0.06 0.10






ed ExG -0.03 0.60 0.01 0.25
PPRB -0.04 0.90 0.09 0.06
VDVI -0.02 0.53 0.00 0.35













GNDVI -0.04 0.94 -0.04 0.94
MSAVI 0.83 <0.05 0.88 <0.05
NDVI 0.82 <0.05 0.88 <0.05
OSAVI 0.82 <0.05 0.88 <0.05






ed ExG 0.88 <0.05 0.85 <0.05
PPRB 0.89 <0.05 0.90 <0.05
VDVI 0.76 <0.05 0.87 <0.05













GNDVI 0.49 <0.05 0.44 <0.05
MSAVI 0.68 <0.05 0.70 <0.05
NDVI 0.66 <0.05 0.70 <0.05
OSAVI 0.66 <0.05 0.70 <0.05






ed ExG 0.74 <0.05 0.72 <0.05
PPRB 0.74 <0.05 0.77 <0.05
VDVI 0.68 <0.05 0.72 <0.05
VIg 0.52 <0.05 0.53 <0.05
June 04











GNDVI 0.02 0.26 0.07 0.14
MSAVI -0.05 0.87 0.04 0.20
NDVI -0.05 0.84 0.04 0.19
OSAVI -0.05 0.84 0.04 0.19






ed ExG -0.02 0.41 -0.05 0.87
PPRB 0.12 0.84 0.08 0.19
VDVI 0.05 0.17 0.07 0.13













GNDVI 0.01 0.28 0.17 <0.05
MSAVI 0.93 <0.05 0.96 <0.05
NDVI 0.93 <0.05 0.96 <0.05
OSAVI 0.93 <0.05 0.96 <0.05






ed ExG 0.97 <0.05 0.96 <0.05
PPRB 0.95 <0.05 0.96 <0.05
VDVI 0.91 <0.05 0.97 <0.05













GNDVI 0.79 <0.05 0.79 <0.05
MSAVI 0.92 <0.05 0.96 <0.05
NDVI 0.91 <0.05 0.96 <0.05
OSAVI 0.91 <0.05 0.96 <0.05






ed ExG 0.96 <0.05 0.97 <0.05
PPRB 0.95 <0.05 0.97 <0.05
VDVI 0.80 <0.05 0.96 <0.05














Sidedress N Sidedress S
V3 V12 V3 V12
Kg ha-1
1 196 0 0 0
2 98 98 0 0
3 196 0 22 0
4 98 98 11 11
5 196 0 34 0
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